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ABSTRACT 
High time resolutionmeasurements of fine particulatematter compositionwere a component of the St. Louis –
MidwestSupersiteinEastSt.Louis,IL.Measurementsoffifteenparticulatematterspecies(Al,As,Cd,Cr,Cu,Fe,Mn,
Ni,Pb,Se,Zn,OC,EC,SO4=,andNO3–)weremadeusingsemi–continuoussamplingandmonitoringtechniques.Inthis
study,threeweeksofthehourlyspeciesdatahavebeencombinedwithon–sitesurfacewindsdatausingconditional
probabilityfunction(CPF)analysisand1–Dnon–parametricregression(NPR)to identifythebearingofputative local
emissionsources.TypicallytherewasgoodagreementbetweentheCPFandNPRresultsandmost(butnotall)ofthe
identifiedemissionsourcebearingswereconsistentwiththelocationofknownemissionsources.Differencesbetween
theCPFandNPRmethodsoccurredwhen therewere infrequenthighconcentrationevents, typicallyasinglehour,
whichyieldedahighexpectedconcentrationwithNPRbutalowconditionalprobabilitywithCPF.Challengestofully
identifyingthesuiteoflocalpointsourcesimpactingthemonitoringsiteincludetherelativelypoorrepresentationof
somewinddirections insuchasmalldataset,confoundingbymultipleemissionsourcesatsimilarbearings,andfor
someelementshighimpactsfromregionalscalecontributions.
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1.Introduction

Ambient particulate matter is a significant public health
concernandmanycountrieshaveparticulatematterstandardsor
objectives (Schwelaetal.,2006). Inmostcases thesemetricsare
basedonparticulatemattermassconcentrationsforparticles less
than10ʅmofaerodynamicdiameter(PM10)butseveralcountries
haveadopted,orareconsideringtoadopt,standardsorobjectives
targeting fine particulatematter (e.g. PM2.5). This focus on fine
particulatematter generally decreases the relative contributions
from emission sources such as fugitive dust and increases the
relativecontributionsfromcombustionsources,industrialsources,
and gas–to–particle conversion in the atmosphere. The developͲ
ment of effective control strategies rests on the ability to
apportionobservedparticulatematterburdenstoemissionsource
categories and ideally to specific sources.Many tools have been
developedtoperformsuchquantitativeassessments(Henry,2002;
Hopke, 2003; Hopke, 2009) with varying degrees of data
requirements and sophistication. Simple screening tools can
providesubstantialinsightsandtheyshouldnotbeoverlooked.For
example, the pollution rose has long been used to examine
relationships between air pollution burdens and surface wind
direction. Refinements to the pollution rose concept have been
introducedthatprovidemorespecificity in identifyingthebearing
and impact of putative emission sources. These tools aremost
usefulforassessinglocalpointsourceimpactswithanotherclassof
tools based on air mass trajectories, being more applicable to
assessingtheimpactofregional–scalesources(KeelerandSamson,
1989;Stohl,1998;Begumetal.,2005).
Tools that focus on identifying local source impacts by
examining the concentration–wind relationships include the
conditional probability function (CPF) and nonparametric
regression (NPR).CPFhasbeenused toassess localpoint source
impacts in several ambient particulatematter source apportionͲ
mentstudies(e.g.Kimetal.,2003;KimandHopke,2004a;Zhouet
al., 2005; Begum et al., 2005). The NPR methodology was
introduced using a case study for cyclohexane data collected in
Houston,TXandwasabletoresolvethebearingofaknownmajor
VOC source (Henry et al., 2002). Like CPF, it has been used to
examine local source impacts on observed ambient particulate
matter burdens (Kim and Hopke, 2004b; Turner, 2007; Turner,
2008;Turner,2009).Themethodologyhasrecentlybeenextended
to twodimensions tostratify impactsbywinddirectionandwind
speed(Henryetal.,2009).

When using 24–hour integrated data, the same daily
contribution isassigned toeachhourofagivenday tomatch to
the hourly wind data. This approach can lead to significant
smearingof local source impactsovera rangeofwinddirections
when the winds vary over the day. High time resolution (e.g.
hourly) species data can significantly reduce this smearing by
capturing the within–day variation of concentration with wind
direction.

Theobjectiveof thisstudywas tocompareandcontrastCPF
andNPR analysesofhigh time resolution fineparticulatematter
datacollected inSt.Louis,MO. Incontrasttomoststudieswhere
CPFandNPRbeenappliedtolargedatasetsof24–hourintegrated
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data,thisstudyusesarelativelysmalldataset(3weeks)ofhourly
particulatematterspeciesconcentrations. It isdemonstratedthat
putativelocalemissionsourcescanbeclearly identifiedwitheven
small data sets with higher time resolution. Inmany cases the
bearings of these sources are consistent with the location of
knownindustrialfacilities.

2.BackgroundandData

2.1.Background

TheUnited States EnvironmentalProtectionAgency (USEPA)
developedthePMSupersitesprogramto,amongmanyobjectives,
test new methods for PM measurements.Within the program,
urban ‘‘supersites’’were established across the country tomake
detailed measurements of ambient PM chemical and physical
properties.Togetherwithalliedmeasurements(e.g.,forprecursor
gasesandmeteorology)theSupersitescollectivelygeneratedarich
datasetforstudiesconcerningatmosphericdynamics(i.e.,particle
formation, transport,and fate),exposureandhealtheffects,and
source apportionment in various geographical regions of the
UnitedStates(Solomonetal.,2008).

ThemetropolitanSt.LouisareathatspansIllinoisandMissouri
was selected as part of the Supersites program to provide
comprehensivecharacterizationoftheambientaerosolinasetting
broadly representative of the urbanMidwestUnited States. It is
thelatestinaseriesofstudieswhichhaveexaminedambientfine
particles in St. Louis. The Regional Air Pollution Study (RAPS),
conducted in the 1970s, identified secondary sulfate, motor
vehicles,andpoint sourcesasmajorcontributors to theSt.Louis
aerosol (Alpert andHopke, 1981; Liu et al., 1982; Severin et al.,
1983; Chang et al., 1988; Rheingrover and Gordon, 1988). An
analysisof theHarvardSixCitiesstudiesdata forSt.Louis (1979–
1988) identified mobile, crustal, metals, manganese and ‘‘coal’’
sources, the latter dominated by sulfate and presumably of
regionalorigin(Ladenetal.,2000).Bothpreliminary(Coutantand
Swinton,2002;KenskiandKoerber,2002)andmoredetailed(Lee
andHopke,2006) sourceapportionmenthasbeenperformedon
ChemicalSpeciationNetwork (CSN)data for sites in theSt. Louis
area.Sourceapportionmentof24–hourintegratedfineparticulate
massdatacollectedat theSt.Louis–MidwestSupersite identified
tensources(Leeetal.,2006)withasubsequentanalysisresolving
an eleventh source (Garlock, 2006). The 24–hour integrated
organicmolecularmarkerdatacollectedattheSt.Louis–Midwest
Supersitewas used to apportion fine particulatematter organic
carbontoeightsources(Jaeckelsetal.,2007).

2.2.Data

TheSt.Louis–MidwestSupersitecoremonitoringstationwas
located in East St. Louis, Illinois (latitude: 38.6122, longitude:
90.16028, elevation: 184m) approximately threekilometers east
of the City of St. Louis (Missouri) central business district. The
measurements program included more than two years of daily
collection of 24–hour integrated samples and the operation of
several semi–continuous samplers and monitors for aerosol
chemicalcompositionandphysicalproperties.Table1summarizes
the measurement methods for the data streams used in this
analysis. A Semi–continuous Elements in Aerosol System (SEAS)
sampler collected PM1.3 samples at 30–minute time resolution
fromMay2001 toDecember2002. Initially threeweeksof SEAS
sampleswereanalyzedforelevenelementswiththebalanceofthe
samples archived at Washington University in St. Louis. The
remaining semi–continuous monitors in Table 1 were operated
throughout the two–year period and reported data in near real
time.

The three “focus weeks” for SEAS sample analyses were
chosen to capture different seasons and include periods with
relativelyhighdatacompletenessanddistinctmeteorology.Focus
Week1 (June22–28,2001) featurednortherlywinds for the first
twodaysfollowedbysoutherlywindsfortheremainingfivedays.
It was conducted early in the field campaign to motivate
discussionsamongthemeasurementteams.Surfacewindsduring
Focus Week 2 (November 7–13, 2001) blew from most wind
directionsoverthesevendayperiod.FocusWeek3(March19–25,
2002)includedasteadycounterclockwiserotationofsurfacewinds
from north through southeast over a three day period. Figure 1
shows the wind rose for data aggregated over the three focus
weeks(Figure1a)andthewindroseforthetwoyearperiodfrom
June 2001 toMay 2003 (Figure 1b). Surfacewinds for the data
used in this analysis are broadly representative of the two year
study period although for the focusweeks’ data, the prevailing
winds were south/southeasterly rather than southerly and with
lowerspeeds.Surfacewinds fromtheeastandwestarerareand
underrepresentedinthethreeweekstudyperiod.Themonitoring
locationandselectedmajorindustrialfacilitiesareshowninFigure
2.

3. Conditional Probability Function and Nonparametric
Regression

3.1.Conditionalprobabilityfunction

The conditional probability function (CPF) analyzes point
source impacts from varying wind directions using observed
concentrations (or source contribution estimates from receptor
modeling)coupledwiththewinddirectionsmeasuredonsite(Kim
et al., 2003) based on a conditional probability framework
originallydescribedbyAshbaughetal. (1985).TheCPFestimates
theprobabilitythatagivensourcecontributionfromagivenwind
directionwillexceedapredeterminedthresholdcriterion.TheCPF
isdefinedas:

Table1.Measurementmethodsforthedatastreamsusedinthisstudy
Parameter(s) Method Hourly
Completenes
CommentsandMethodsReferences
PM1.3,
elementsa
Semicontinuous
Elementsin
AerosolSystem
(SEAS)
85% Two30 minuteresolutionsamplescompositedintohourly
samplespriortoelementalanalysis.Laboratoryanalysisby
GraphiteFurnaceAtomicAbsorptionSpectrometry.(General:
KidwellandOndov,2001;2004)
PM2.5,EC,OC SunsetOC/EC
FieldAnalyzer
82% Onehourresolutionobtainedusingtwounitssampling
alternatehours.ACE–Asiathermo–opticalanalysisprotocol
whichconformstoNIOSH5040.(St.LouisSupersite:Baeetal.,
2004a;2004b)
PM2.5,SO42Ͳ,
NO3
Ͳ
ParticleintoLiquid
Samplerwithion
Chromatography
(PILS–IC)
70%SO42Ͳ
54%NO3Ͳ
Four15 minutesamplesusedtoconstructhourlyaverages.
Nitratedatacompleteness18%duringFocusWeek1and72%
overFocusWeeks2and3.(General:Weberetal.,2001;Orsini
etal.,2003)(St.LouisSupersite:Yu,2006)
aAl,As,Cd,Cr,Cu,Fe,Mn,Ni,Pb,Se,andZn

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usualbar chartmethod that ishighlydependenton the location
andsizeofthechosenwindsectorfordiscreetwindangle,ѐT.The
approach is non–subjective since the smoothing parameter that
windows (and in this case,weights) the data can be objectively
optimized.TheNPRmethod includes theestimationof statistical
confidence intervalsaswellasestimatesofthe locationofpeaks,
and is able to separate closely located peaks. The details of the
methodaredescribedbyHenryetal. (2002)andKimandHopke
(2004b).AnotherpriorapplicationisgivenbyYuetal.(2004).

4.ResultsandDiscussion

Relationships between hourly wind direction and hourly
species concentrationswereexamined for fifteen fineparticulate
matterconstituentsmeasuredattheSt.Louis–MidwestSupersite.
TheCPFandNPRvaluesweregeneratedforeachspecieswiththe
calculatedvaluesdisplayedaspolarplots(Figures3,4,and5).For
CPF,theradialvaluesaretheconditionalprobabilitiesforeach30q
sector of observing an upper 25th percentile concentration. The
radialaxisforNPRhasunitsofng/m3(Figure3)orʅg/m3(Figures4
and 5). The estimated concentrations associated with a given
direction are denoted by black lines while the 95% confidence
intervalsaredisplayedasgraylines(lowerC.I.)andred(upperC.I.).
Table2presentstheputativeemissionsourcesthatarediscussed
inthissectionexcludingcoal–firedelectricutilitypowerplantsthat
ring the St. Louis metropolitan area. Total air emissions from
specific facilities reported to the 2002 Toxics Release Inventory
(TRI) (US EPA, 2004)were used to assist in the identification of
potential emission sources impacting the East St. Louis site. The
CPF and NPR patterns showed good agreement especially
consideringthewindsectorswere30qbinsforCPFandtheFWHM
was 12q forNPR leading tomore smoothing for the CPF results
comparedtotheNPRresults.


Figure3.Conditionalprobabilityfunction(CPF)andnonparametricregression(NPR)polarplotsforhourlyPM1.3elemental
compositionfromsamplescollectedbySEAS.NPRradialaxisunitsareng/m3.
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Figure3.(continued).
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
Figure3.(continued).



 Wangetal.–AtmosphericPollutionResearch2(2011)219Ͳ230 225

Figure3.(continued).

Table 2. Emissions source distances and bearings from the St. Louis–
MidwestSupersitemonitoringstationinEastSt.Louis,ILcoveringallofthe
facilities discussed in the text excluding coal–fired electric utility power
plants
SourceCategory Distance
(km)
Bearing
(qN)
North  
Integratedsteelworkswithbasicoxygenfurnace 9.6 010
Steelmakingfacilitywithelectricarcfurnace 10 000
Coilcoating 15 009
Southwest 
Primaryzincsmelter 1.7 219
Hazardouswasteincinerator 2.4 231
Secondarycoppersmelting/refining 2.0 208
Ferroussandcastingfoundry 41 211
Primaryleadsmelter 44 206
Northwest 
Metalcastingoperation 5.6 312
Municipalwastewatertreatmentplantincinerator 7.8 335

Figure 3 presents the results for the eleven PM1.3 species
measuredby the SEAS samplingwithoff–lineelementalanalysis.
Major industrial zones to the north (Granite City, IL) and
south/southwest (Sauget, IL) of the monitoring station were
commonly resolved as emission source regions despite the
prevailingsurfacewindsbeingfromthesouth/southeast.

Aluminum (Figures 3a and 3b).Bothmethods resolved a source
region to the southeast.Thenarrow lobe forNPRarises froman
aluminumconcentrationvalueofa550ng/m3on3/24/02at10:00
hours.While the hourly mean wind direction was 132qN, five–
minutewinddatarevealedthatduringthishourthewindssteadily
rotated from 145qN to 110qN. The concentration value for this
hourwasfivetimesthenexthighestvaluefromthisrangeofwind
directions.Within this wind sector and 3km of themonitoring
stationarea large railyardandan industrial zonewitha rail car
rebuilding operation and inorganic and organic chemical
manufacturingplants.

Arsenic(Figures3cand3d).Bothmethodsresolvedsourceregions
tothesouthwestandnorth.Severalindustrialsourcesarelocated
to the southwest (Table 2). The direction of the concentration
maximumforthesouthwestlobeintheNPRplotisconsistentwith
the locationof the leadsmelter,coal–firedpowerplant,andzinc
smelter.Theconcentration for theupper95%confidence interval
of this lobe is consistentwith the zinc smelter and a hazardous
waste incinerator.The2002TRItotalarsenicairemissionsforthe
zincsmelterare10%oftheleadsmeltervalue,butthezincsmelter
ismuchclosertothemonitoringstation.TheTRIarsenicemissions
for the hazardous waste incinerator are 1% that for the zinc
smelterandthesesourcesarebothwithin3kmofthemonitoring
station. The TRI–reported arsenic emissions from the hazardous
wasteincineratoraresmall.However,duringarecentlyconducted
studyattheEastSt.Louissite,therewasatwo–hourPM10arsenic
spike of >2μg/m3 on 4/13/2009 from bearing 233qN that is
consistentwiththehazardouswasteincineratorlocation.Thezinc
smeltercannotbeimplicatedforcausingthisspikebecauseitwas
shutdownin2007.

TheCPF–resolvedarsenicsourceregiontothenorth includes
the two steelworks in Granite City. However, the NPR–resolved
sourceregionisfarthertothewesttowardstheindustrializedzone
alongthewestbankoftheMississippiRiver.RecentworkbyYadav
etal.(2009)identifiedapotentialsourceregionforPM10arsenicin
this zone that includes amunicipalwastewater treatment plant
withasludgeincinerator,andacoal–firedindustrialboiler.
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Figure4.Conditionalprobabilityfunction(CPF)andnonparametricregression(NPR)polarplotsforhourly
PM2.5OCandECfromSunsetOCECfieldanalyzers.NPRradialaxisunitsareμg/m3.

Cadmium (Figures 3e and 3f). Bothmethods resolved a source
region to thesouthwest that includesaprimaryzincsmelter that
also produces cadmium ingots and a primary lead smelter. The
2002TRI total cadmiumairemissions for the zinc smelter is12%
thatfortheleadsmelter,butthezincsmelterismuchclosertothe
receptor.

TheNPRplotexhibitsalocalmaximumata225qNforthislobe
thatismoreconsistentwiththezincsmelterthantheleadsmelter.
NPRalsoresolvedacadmiumsourcetothenorthwestarisingfrom
a high (98th percentile) concentration value on 3/22/02 at 0300
hour at bearing 311qN. This emission source has not been
identified.

Chromium (Figures 3g and 3h). Both methods resolved three
source regions for chromium. The threeNPR lobes are relatively
broad. This pattern can arise from:multiple sourceswith similar
bearings;diffuseemissionsourcessuchasareaormobilesources;
orregionaltransport.Thewesternportionofthenorthloberesults
fromthreehourlychromiumvaluest1μg/m3(>97thpercentileof
all chromium data) distributed over a 24–hour period onMarch
20–21,2002.Thewinddirectionsforthesethreehourswere333–
341qNandwindspeedswere5–6m/s.Highconcentrationvalues
duringhighwindspeed(advective)conditionsareoftenindicators
forlocalpointsourceimpacts.

TheNPRplotsforchromiumandironhavesomequalitatively
similarfeaturessuchasthestronglobetothenorthwhiletheCPF
plotsarequitedifferent.However,theCr/Femeanratiovariesby
wind sectorwithCr/Fe=0.013 for330–15qN and60–130qN, and
Cr/Fe=0.007 for 210–230qN. These results suggest different
emissionsourcecharacteristics. Industrialfacilitieswithsignificant
TRI–reported chromium stack emissions include the integrated
steelmaking plant and coil–coating plant in Granite City to the
north (Table2).A ferrous sand casting foundry to the southwest
hasthehighestTRI–reportedchromiumemissions intheSt.Louis
area, albeit these emissions are fugitive rather than stack. The
area’scoal–firedelectricutilitypowerplantsalsohavesignificant
TRI–reportedchromiumemissions.

Copper(Figures3iand3j).Bothmethodsresolvedasourceregion
to the southwest. The a210qN bearing for the maximum
concentrationinthislobealignswithasecondarycoppersmelting
andrefiningplant2.0kmfromthemonitoringsite.Thisfacilityhas
thelargest2002TRI–reportedcopperairemissionswithin50kmof
themonitoringsite.Thesmall lobetothewest/northwest inboth
theCPFandNPRplotsalignswithametal casting facility5.6km
fromthesitethathasthesecond–highestTRI–reportedcopperair
emissions within 50km of the monitoring site. It was resolved
becauseofasinglehighconcentrationvalueat thesamehouras
the aforementioned chromium concentration spike (3/22/02 at
0300). This facilitydidnot report chromium emissions to TRI, so
presumably its estimated emissions are below the reporting
threshold.Assuming the chromiumand copperareemitted from
the same facility (which is yet to be determined), this
demonstrates the power in having high time resolution
measurements for multiple species to identify the emission
sources.


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Figure5.Conditionalprobabilityfunction(CPF)andnonparametricregression(NPR)polarplotsforhourlyPM2.5sulfate
andnitratefromsemicontinuousfieldanalyzers.NPRradialaxisunitsareμg/m3.

Iron (Figures 3k and 3l). The NPR plot for iron exhibits several
lobes that are consistent with its ubiquitous presence in
resuspendedsoilandroaddustaswellasindustrialemissions.The
three dominant lobes are to the north, east and southwest
consistentwith the chromium lobes.Thehighest iron concentraͲ
tionwasobservedon3/22/02at0300houratbearing311qN;this
spike coincided with high chromium. Industrial sources to the
north and southeast have already been discussed. The emission
source(s) responsible for the lobe to the east has not been
identified.

Manganese(Figures3mand3n).TheNPRplotformanganesehas
anarrow lobetothesouth.Thishighexpectedconcentrationwas
caused by a manganese spike on 11/7/01 at 0800 hours. In
contrasttomanyotherelements,thisspikeoccurredat lowwind
speed (1.4m/s). The preceding hour had the second–highest
manganeseconcentration inthedataset,but itwasscreenedout
prior to the CPF andNPR analyses because thewind speedwas
below the 1m/s threshold used to operationally define calm
conditions.Meanhourlywindsforthe0700hourwerefrom186qN
at 0.7m/s and variable. Indeed, the previous several hours had
light and variablewinds and the highmanganese concentration
lobe to the south cannot be used with confidence to infer an
emissionsourcebearingbecauseoftheprevioushours’variability.
Intheabsenceofthis lobe,theCPFandNPRplotsformanganese
would resemble ironandchromiumand indicatecommonsource
regionsandlikelycommonsources.

An integrated steelworks includingabasicoxygen furnace is
locatedtothenorthaswellasanelectricarcfurnacesteelmaking
facility. These are the two largest TRI–reporting manganese
emissionssourceswithin50kmofthemonitoringstationwiththe
arc furnace facilitymanganeseemissions reported at27%of the
integrated steelworks emissions. There are numerous industrial
sourcestothesouthwest.Leadsmelterscanalsoemittracelevels
ofmanganese (Sobanskaetal.,1999),butnonewas reported to
theTRIfortheleadsmelterinTable2.

Nickel (Figures3oand3p).TheNPRplot fornickelhasanarrow
lobe to the north/northwest. This lobe arises from a high
concentration value at 330qN on 3/20/2002 at 0700 hours. This
highestnickelvalueinthedatasetcoincideswithoneofthethree
highchromiumhourlyvaluesfromthisdirection.Intheabsenceof
theNPRnickellobetothenorth/northwest,theCPFandNPRplots
show good agreement with source regions to the north and
southwest.

Lead (Figures3qand3r).Bothmethods resolvedasource region
tothesouthwestwheretheprimaryleadsmelterandprimaryzinc
smelterarelocated.CPFexhibitshighprobabilitiesforthebearing
ofbothofthesesources(Table2).ThesouthwestlobeintheNPR
plot has amaximum at a220qN and a shoulder at a195qN. The
2002TRI–reportedleadairemissionsforthezincsmelterare1%of
that reported for the lead smelter but the zinc smelter ismuch
closer to theEastSt. Louis site.CPFandNPRalso resolved small
sourceregionstothenorth(wherethesteelworksarelocated)and
also to the southeast. The southeast lobe is resolved from
relativelyhighconcentrationvaluesforfivehoursdistributedover
6/24/2002 and 6/26/2002. The emission source has not been
identified.Manyelementsexhibitedconcentrationvalues for this
hourexceedingthe90thpercentile(Al,As,Cu,Fe,Mn,Ni,andPb).
Thehourlymeanwindswere4.5m/sat37qN indicatingadvective
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Sulfate (Figures 5a and 5b). Sulfate in St. Louis is dominatedby
regional transport (Lee andHopke, 2006) and these local source
focused approaches are not effective at identifying emission
sources. Both CPF and NPR resolve a source region to the
east/southeast. This result is consistent with surface winds
sometimes observed for regional transport from the Ohio River
Valley where coal–fired power plants emit gaseous SO2 that is
converted to particulate sulfate during transport. Indeed, during
Focus Period 1 (June 2001), there was such a regional sulfate
episodeimpactingtheSt.Louisareaasconfirmedbyairmassback
trajectories.Forsourcesthataredominatedbyregionaltransport,
the trajectory–based tools such as potential source contribution
functions (PSCF) are more appropriate to link observed
concentration levels to emission source regions. There is a small
probability lobe from sources to thenorthwestpoint to thearea
that is dominated by railroad yards and possibly barges on the
Mississippi River. This node might arise from primary sulfate
emissionsfromoff–roadvehiclesusingrelativelyhighsulfurdiesel
fuelanalogoustothatseeninSeattlebyKimandHopke(2008).

Nitrate(Figures5cand5d).TheNPRplotfornitrateion(Figure5d)
demonstrates why care must be exercised when interpreting
patternsforspecieswithsignificantregionalcontributions.Thereis
abroad lobe to thenortheastdrivenby a regionalnitrate event
during Focus Week 3 (March 2002). The narrow lobes to the
north/northwest and west are artifacts from this regional–scale
eventandarenotdrivenbylocalsourceemissions.Thelobetothe
north/northwest isactuallypartofthe lobetothenortheastwith
theseparationcausedbya lackofwinds from345–360qNduring
theregionalnitrateevent(therearedataforthiswindsectorfrom
periods outside the nitrate episode). In this case, the CPF plot
providesabetterrepresentationbecausethewinddirectiondatais
binned in larger increments.The lobetothewest isalsofromthe
regional nitrate event and arises due to a period of high wind
directionrotation:224,265and334qNforthreeconsecutivehours
(3/21/02at0400–0600hours)withnitrate6–8μg/m3.Therewere
onlysevenhours in thedatasetwithwinds255–275qNand thus
the singlehigh–nitratehour at265qNduring the regionalnitrate
event has high influence. In both cases, these potentially
misleading NPR patterns would be damped but likely not
eliminatedbyusingalargersmoothingparameter.

Whilethenortherlysurfacewindsarenearlysymmetricabout
due north (Figure 6a), the NPR plot exhibits high expected
concentrationsforsurfacewindsfromthenortheast.FocusWeek3
capturedoneregionalnitrateepisodeandthisplotshouldnotbe
overly interpreted as reflecting themore general, climatological
pattern. However, it is noted that a PSCF analysis based on
incremental probability, compared to average wintertime
climatology,did identifyairmassesarrivingat St. Louis from the
northeast(IllinoisandIndiana)tocorrespondtohighernitratethan
airmassesarrivingfromthenorthwest(IowaandKansas)(Turner
andGarlock,2007).

5.Conclusions

Hourly fine particulate matter species measured at the St.
Louis–MidwestSupersite inEastSt.Louis,Illinois,forthreeone–
week periods in 2001 and 2002were analyzed using conditional
probability function (CPF) and nonparametric wind regression
(NPR). CPF is simpler to implement but NPR provides expected
concentrations and confidence intervals. For many elemental
species, the emission source bearings identified from these
analyseswereconsistentwith industrialzonesand insomecases
the locations of specific point sources. For sulfate, nitrate,
elemental carbon and organic carbon these analyses were less
informative because these species are dominated by regional
transportortheiremissionsourcesarespatiallydiffuse(e.g.mobile
sources).TheCPFandNPRmethodsgenerally identifiedthesame
emissionsourceregionswiththeexceptionthatNPRcouldresolve
infrequent high concentration events that affected the expected
mean concentration from a given wind direction. High time
resolutiondatapermits theanalysis tobeperformedon the time
scalesofplumeeventsandthusitimprovestheresolvingpowerof
theanalysiscomparedtodatathathasbeenaveragedoverlonger
timeperiodswithmorevariabilityinboththeconcentrationlevels
andwinddirections.Analysesusinghigh time resolutioncan lead
to spurious peaks in theNPR analysis from low frequency, high
concentrationextremeeventsbutusingCPFandNPRintandemis
awaytoefficientlyidentifythesecases.

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